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DIGITAL DATA COMPRESSION WITH 
QUAD-TREE CODING OF HEADER FILE 

This application claims priority to US. Provisional 
patent application Ser. No. 60/028,273, ?led Oct. 11, 1996. 
A micro?che appendix, containing tWo sheets of micro 

?che (133 frames total), is included With this application. 
The contents of the micro?che appendix are hereby 
expressly incorporated herein by reference. 
A portion of the disclosure of this patent document 

contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent 
disclosure, as it appears in the Patent and Trademark Of?ce 
patent ?les or records, but otherWise reserves all copyright 
rights Whatsoever. 

FIELD OF THE INVENTION 

This invention relates in general to the encoding and 
decoding of digital information, and in particular, to a 
compression system that enables unidirectional transmission 
of full-motion video over ordinary analog telephone lines. 

BACKGROUND OF THE INVENTION 

Data compression is particularly important in the art of 
image storage and transmission. Images by their nature 
require or incur a large amount of data for their expression. 
A moderate resolution monotone image, for example, might 
consist of 640 picture elements, referred to as “pixels” or 
“PELs,” per horiZontal line. The monotone image typically 
includes 480 horiZontal roWs or lines, each containing 640 
pixels per line. With 480 of such horiZontal lines, a total of 
307,200 pixels is displayed in a single 640x480 pixels 
image. If each pixel of the monotone picture requires one 
byte of data to describe it, a total of 307,200 bytes are 
required to describe just one black and White image. 

Similarly, one standard color image of 640x480 pixels 
requires approximately 7.4 megabits of data to be stored or 
represented in a computer system. This number is arrived at 
by multiplying the horiZontal and vertical resolution by the 
number of required bits to represent the full color range (or 
640><480><24=7,372,800 bits). One frame of digitiZed NTSC 
(National Television Standards Committee) quality video 
comprises 720x480 pixels, Which requires approximately 
one half megabyte of digital data to represent the image 
(720x480><1.5 bytes per pixel). In an NTSC system that 
operates at approximately 30 frames per second, therefore, 
digitiZed NTSC-quality video Will generate approximately 
15.552 megabytes of data per second. 

Without compression, assuming a storage capability of 
one gigabyte and a tWo megabyte per second access rate, it 
is possible to either store 65 seconds of live video and to play 
it back at 3 frames per second, or store 21 high quality still 
images taking 24 seconds to store or retrieve each image. 
Lack of data compression in the transmission of such images 
forces the user to spend large amounts of time and money 
storing, sending and receiving the images. In practical terms 
this means that the user spends a lot of time Waiting to 
receive each image. This is annoying to the user, and 
particularly disturbing if successive images need to be 
transmitted such as in the case of live or full-motion video 
transmission. 
Many methods of compressing image data exist and are 

Well knoWn to those skilled in the art. Some of these 
methods are completely reversible, also knoWn as “lossless” 
compression, in that they reverse upon decoding 
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2 
(decompressing) to exactly restore the original data Without 
the loss or elimination of any data. These lossless compres 
sion techniques, hoWever, cannot compress data to suf? 
ciently large degrees Without beginning to lose information. 
Because the reduction ratios are small, these lossless tech 
niques cannot satisfy the transmission rates required for 
full-motion video transmission over analog telephone lines. 

Other compression methods exist that are non-reversible, 
also knoWn as “lossy” compression. These non-reversible 
methods offer considerable compression, but result in a loss 
of data due to their high rates of compression. The high 
compression rates are actually achieved by eliminating 
certain aspects of the image. There are generally tWo groups 
of non-reversible (i.e., lossy) compression techniques. One 
group applies transforms, such as the discrete cosine trans 
form (DCT), to local areas of an image. Another group 
truncates or eliminates various of the resulting coef?cients, 
thus reducing the amount data required for transmission. 
After transmission, an inverse transform is performed on the 
reduced data set to decompress and restore a reasonable 
facsimile of the original image. These lossy compression 
techniques can be combined With reversible methods for 
even greater levels of data compression. In general, 
hoWever, the loss of data caused by the various prior art 
compression techniques is all too noticeable for transmitting 
a series of successive images, such as in the transmission of 
full-motion video. These methods are good at eliminating 
changes With a high spatial “frequency” but also generate 
substantial amounts of image data. The resultant compres 
sion ratios are good. HoWever, the compression methods are 
very computation intensive, requiring signi?cant processing 
poWer and/or much computation time. 

Presently, commercially available modems alloW a maxi 
mum of 33.6 Kbps (Kilobits per second) of data to be 
transmitted over a regular telephone (“POTS”) line. Existing 
video compression systems employed for encoding and 
transmitting video over digital channels such as a T1 trunk 
or an Integrated Systems Digital NetWork (ISDN) line 
typically require much higher bandWidth (i.e., 56 Kbps or 
higher). A ?xed bandWidth is typically allocated to video 
information. In a ?ber distributed data interface (FDDI) With 
a bandWidth of 200 megabits per second, for example, 1.5 
channels of live video can be accommodated or transmitted 
at the rate of one frame or image every tWo seconds. 
Conventional compression systems, therefore, cannot be 
used for encoding and transmitting video over ordinary 
analog telephone lines. To transmit full-motion video, one 
alternative is to use dedicated and special channels With 
existing video compression systems. The use of special and 
dedicated channels, hoWever, is expensive. 

Recent demands for full-motion video in applications 
such as video mail, video telephony, video teleconferencing, 
image database broWsing, multimedia broadcasting, and 
other applications have required that improvements be 
developed for video compression so that video data can be 
successfully transmitted at appropriate transmission rates 
over a telephone line. It can be seen that data compression 
is still required in order to transmit and display full-motion 
video at 30 frames per second. Additional compression is 
required in order to reduce the amount of storage necessary, 
and increase the throughput, to transmit and display full 
motion video in a quality closely approximating NTSC 
television. A need exists to achieve full-motion video trans 
mission over analog telephone lines. 

It is an object of this invention therefore to transfer 
full-motion video images over a tWo Wire transmission 
medium such as a telephone line. 
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It is a further object of the invention to encode and 
compress real-time full-motion video using a camera or a 
television input from one computer station, through a tele 
phone line, to another computer station, Which decom 
presses and decodes the data to display full-motion video. 

SUMMARY OF THE INVENTION 

In vieW of the above, a system and method for compress 
ing and transmitting video data over a transmission medium 
is provided. According to the method of the invention, an 
image is represented as a group of pixels Where each pixel 
is expressed in a truncated format. The group of pixels is 
then divided into elemental blocks of pixels suitable for 
compression. A base image representing a reference for 
comparison of successive images in order to detect change 
in the successive images is then stored. The changes from 
the base image are encoded by storing the location of any 
change and the value of changed data, Where the location of 
any change is stored in the form of a header ?le. The stored 
header ?le and changed data are then compressed using a 
quad-tree format compression algorithm. A signal is then 
generated representing a compressed header ?le and 
changed data. 

In one aspect of the method of the invention, the com 
pressed header ?le and changed data are received and 
decompressed. The changes from the base image are 
decoded and the changed image is restored based on the 
location of any change and the value of the changed data. In 
the preferred embodiment of the method of the invention, 
the signal generated representing the compressed header ?le 
and changed data is communicated over a communication 
medium such as an analog telephone line. 

According to the system of the invention, an input is 
provided in order to receive an image as a group of pixels, 
Where each pixel is expressed in a truncated format. Means 
for dividing the group of pixels into elemental blocks of 
pixels suitable for compression is also provided. A memory 
operative to store a base image representing a reference for 
comparison of successive images is provided to detect 
change in the successive images. Means for encoding the 
changes from the base image by storing the location of any 
change and the value of the changed data in a header ?le is 
provided, Where the header ?le is disposed in the memory. 
A ?rst processor is coupled to the memory and operative to 
compress the stored header ?le and changed data using a 
quad-tree format compression. Means are also provided for 
generating a signal representing the compressed header ?le 
and changed data. 

In another aspect of the system of the invention, a receiver 
is coupled to receive the compressed header ?le and changed 
data. A second processor is provided that is operative to 
decompress the compressed header ?le and changed data. 
Means are provided for decoding the changes from the base 
image. Means are also provided for restoring the changed 
image based on the location of any change and the value of 
changed data. In the preferred embodiment, an output is 
coupled to the ?rst processor and is operative to transmit the 
compressed header ?le and changed data over a communi 
cation medium such as an analog telephone line. 

Accordingly, the invention provides the ability to transmit 
live, full-motion video over plain old telephone system 
Wiring. Live video images can thus be communicated 
betWeen tWo computers over the Internet or World Wide 
Web. The features of the invention can also be applied to the 
digital encoding or transmission of any data. For example, 
the encoding and compression techniques of the invention 
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can be used to quickly and ef?ciently store data on a 
CD-ROM or other memory device. Moreover, the features 
and advantages of the invention can be used to provide 
improved teleconferencing capabilities, line Internet 
transmission, video telephone communications, archive 
transmission, Intranet conferencing, and live video games. 

These and other features and advantages of the invention 
Will be apparent upon a revieW of the folloWing detailed 
description of the presently preferred embodiments of the 
invention, taken in conjunction With the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a block diagram of the transmission system 
of the invention, Where FIG. 1(a) illustrates the capture and 
receive ends of the system, FIG. 1(b) illustrates a functional 
block diagram of a universal asynchronous receiver trans 
mitter integrated circuit, and FIG. 1(c) shoWs a block 
diagram of a typical image capture card. 

FIG. 2 shoWs one presently preferred sampling pattern for 
use With the invention. 

FIG. 3 illustrates the comparison of a base image to the 
current image, Where FIG. 3(a) illustrates the tWo frames 
that make up the base image, FIG. 3(b) illustrates the current 
image frames, and FIG. 3(c) shoWs those portions of change 
Within the current image. 

FIG. 4 graphically illustrates the division of blocks of an 
image according to the presently preferred quad-tree encod 
ing technique. 

FIG. 5 identi?es the various primary regions of the image 
as de?ned by the quad-tree technique shoWn in the FIG. 4. 

FIG. 6 illustrates the presently preferred header structure 
for use With the invention. 

FIG. 7 illustrates the correlation of quad-tree header 
information to the various regions illustrated in FIG. 5. 

FIG. 8 illustrates the representation of packed pixel 
information, Where FIG. 8(a) shoWs the presently preferred 
2x2 pixel block, and FIG. 8(b) shoWs the corresponding 
placement of pixels in the header ?le. 

FIG. 9 illustrates the presently preferred environmental 
stabiliZation technique of the invention, Where FIG. 9(a) 
illustrates an un?ltered image and FIG. 9(b) illustrates the 
?ltered image. 

FIG. 10 illustrates the presently preferred decoded header 
of changed data encoded by the preferred quad-tree encod 
ing technique shoWn in FIG. 4. 

FIG. 11 illustrates updating of the base image, Where FIG. 
11(a) identi?es the original base image, FIG. 11(b) shoWs 
the area of change in the current image, and FIG. 11(c) 
identi?es the updated base image re?ecting the changed 
areas. 

FIG. 12 illustrates the effect of the presently preferred 
proportional dither routine, Where FIG. 12(a) shoWs the 
original image, and FIG. 12(b) shoWs the image after 
proportional dithering. 

FIG. 13 illustrates the length and intensity components of 
a single pixel line using the presently preferred proportional 
dither routine shoWn in FIG. 12. 

FIG. 14 illustrates a How chart of the preferred computer 
programs included in the micro?che appendix, Where FIG. 
14(a) shoWs the How of the encoder routines, and FIG. 14(b) 
shoWs the How of the decoder routines. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Reference is noW made to the draWings Where like 
reference numerals refer to like elements throughout. 
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I. TRANSMISSION/COMMUNICATION 
SYSTEM 

Referring ?rst to FIG. 1(a), a block diagram is provided 
of one presently preferred communication or transmission 
system 10. According to the system 10, a source image is 
received or obtained on the encode side 12 of the transmis 
sion interface 14. The source image is processed by the 
system 10 so that it can be transmitted in real-time to the 
decode side 16 of the interface 14. Once received, the system 
10 processes the received image to present full-motion video 
over a display device 20. 

In the presently preferred embodiment of the invention, 
the transmission interface 14 medium is a simple tWo Wire 
system, such as a telephone line or the like. As those skilled 
in the art Will appreciate, hoWever, other transmission media 
are also suitable for the communication of digital data 
Without departing from the spirit and scope of the invention, 
such as ?ber optics, Integrated Systems Digital Network 
(ISDN) lines or a T1 trunk, and are therefore contemplated. 

In order to adequately represent live motion video, 
approximately 30 frames per second of moving image data 
should be transmitted over the transmission medium 14. 
Because of the siZe of the image typically captured, and the 
transmission speed limitations of the currently available 
communications equipment, the source image(s) needs to be 
encoded and compressed in order to present full-motion 
video on the decode side 16 of the medium 14. In the 
presently preferred embodiment of the invention, therefore, 
a unique pixel representation of the source image is com 
pressed and ?ltered prior to transmission. Upon receipt of 
the transmitted signal, the compression steps are reversed or 
undone. A detailed description of the compression, ?ltering 
and pixel representation functions is provided beloW. 

In general, the front end of the transmission process 
captures successive frames of color image data. The next 
step of the process samples the captured images in order to 
decrease the required information needed to transfer the 
image doWn a telephone line, While keeping sufficient infor 
mation to successfully reconstruct the image at the other 
end. A compression technique is used to encode and further 
decrease the siZe of each image frame. In order to achieve 
the desired frame rate to transfer full-motion video over 
POTS, a lossy compression technique is preferred. Complete 
restoration of the original image is therefore not necessary in 
order to convey an aesthetically pleasing, smooth video 
image. The transmission of the compressed data doWn the 
telephone line can then take place. The back end of the 
transmission process receives the compressed data from the 
telephone line. The compression operation is then reversed 
in order to restore a reasonable approximation of the original 
image information. 

Image Capture 
Referring again to FIG. 1(a), a camera 18 is disposed on 

the encode side 12 of the interface 14 to capture one or more 
digital images. The camera 18 is shoWn coupled to a video 
image capture card 22, Which is in turn coupled to a modem 
24. In the presently preferred embodiment of the invention, 
the camera 18 is an NTSC compatible device, and the 
capture card 22 and modem 24 are housed Within a personal 
computer 26. The personal computer 26 is preferably an 
IBM-PC compatible computer generally knoWn in the art. 
The IBM-PC also preferably includes at least an Intel 
Corporation 80386 microprocessor. As those skilled in the 
art Will appreciate, more advanced Intel microprocessors, 
such as the presently available Pentium microprocessor, 
provide advanced performance over the 80386 and are 
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6 
preferred. The tradeoff betWeen microprocessors is the 
frame rate that can be transmitted by the system, e.g., the 
more advanced the processor speed the higher the frame 
rate. Currently available modems 24 can operate at speeds of 
33.6 Kbps and are also preferred; hoWever, 28.8 Kbps 
modems are more readily available and can be used in an 
alternate embodiment. A keyboard 28 is also coupled to the 
computer 26 in a manner generally knoWn in the art. 
The composite output of the video camera 18 is input to 

the video capture card 22, Which is preferably installed in an 
expansion slot (not shoWn) of an IBM-PC DX4-100 com 
puter. The analog composite video information is extracted 
by the capture card 22 from the signal received from the 
camera 18 (leaving just the sync pulses), Which includes 
about 400 TV lines of resolution presented in an interlaced 
manner. Interlacing divides the video frame into odd and 
even ?elds that are eventually combined to provide a single 
picture frame. This information is then digitiZed and placed 
into a memory buffer 30, as shoWn in FIG. 1(b). In the 
preferred embodiment, the memory buffer 30 is random 
access memory (RAM) 40 housed Within the computer 26. 
The presently preferred computer program, Which resides in 
the program memory (not shoWn) of the computer 26 reads 
the memory buffer 30 and encodes the image data according 
to the principles described beloW. The presently preferred 
computer program is Written in the C computer language (a 
copy of Which is included in the micro?che appendix), and 
is further described beloW. 
A more detailed block diagram of the presently preferred 

system architecture of the encode side 12 is shoWn in FIG. 
1(b). As shoWn, all input/output (I/O) devices are connected 
to a CPU 32 by a unidirectional address bus 34 and a 
bi-directional data bus 36. Both busses 34, 36 are controlled 
by a timing and control unit 38. The image frame captured 
by the camera 18 is received by the capture card 22 and 
stored in a video display memory 48. From there, the stored 
image is transferred to the memory buffer 30 Where it is 
encoded by the program. The encoded (compressed) image 
?le is then transferred to a communication circular buffer. 
The communication circular buffer is a FIFO output buffer 
preferably made up of 16K bytes of the RAM memory 40 
housed Within the computer 26. 
The encoded data is then transferred to a Universal 

Synchronous Asynchronous Receiver Transmitter 
(“UAR ”) disposed in the modem 24, Which has an internal 
15 byte buffer. The data is transferred in an interrupt driven 
mode generally knoWn in the art. A block diagram of one 
presently preferred UART 42 is shoWn in FIG. 1(c). In a 
manner generally knoWn in the art, the UART 42 converts 
parallel data 44 to serial data 46. A modem 24 including a 
16650 UART chip, made by National Semiconductor, part 
no. NS16550AFN, is presently preferred. As mentioned 
above, the modem 24 is preferably a 33.6 Kbps Sportster 
Faxmodem or Winmodem manufactured by US. Robotics 
of Skokie, Illinois, although other such modems 24 are 
available. The serial data stream from the UART 42 is then 
transferred over the transmission interface 14. On the decode 
side 16, the compressed image is received and decom 
pressed. After decompression, the image is proportionally 
dithered or scaled to display a larger siZe picture on the 
display device 20. The communication processing is pref 
erably done in the background so that the data transfers take 
place in tandem With the numerical computations performed 
for the compression and decompression functions. 
As those skilled in the art Will appreciate, the camera 18 

can comprise a digital image camera or other image capture 
device. In addition, the decoded image can be displayed on 
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a computer or television monitor, cathode ray tube or other 
display device 20, or communicated to other doWnstream 
equipment. Examples of such equipment include, but are not 
limited to, memory devices such as CD-ROM’s (not shoWn) 
or magnetic memories (not shoWn) generally knoWn in the 
art. 

A highly ef?cient capture card 22 is required to transmit 
full-motion video data doWn a telephone line. Commercially 
available capture cards can provide approximately 30 frames 
per second capture rate. Due to the interlacing techniques 
described above, capture rates of at least 60 ?elds (or 30 
frames) per second are needed. Moreover, after a single 
frame is captured, it is processed to reduce its siZe, Which 
can decrease the transmission rate to almost half the capture 
rate. Avery high capture rate of 60 ?elds (or 30 frames) per 
second is therefore necessary in order to transmit 60 ?elds 
(30 frames) per second over a tWo-Wire medium. 

Typical capture cards 22 receive an analog input in the 
form provided by a camera 18 or television signal. This input 
is usually video, audio, or both. One presently referred 
capture card 22 is the “Meteor” capture card, revision 
number 2, manufactured by Matrox Electronics Systems, 
Ltd. of Montreal, Canada. This capture card 22 includes both 
DOS and WindoWs drivers, and uses the folloWing chip set 
made by Philips Semiconductors of Sunnyvale, Calif.: 
TDA8708, SAA7196, SAA7116. 

Using the presently preferred Meteor capture card 22, 
capture rates of 30 frames per second can be achieved. 
HoWever, as mentioned above, processing traditional RGB 
color planes decreases the frame rate at the decode side 16 
to roughly half. Another form of pixel representation is thus 
required to achieve the 30 frame per second transmission 
rates necessary for full-motion video. One presently pre 
ferred truncated pixel representation technique is described 
in detail beloW. 

II. PIXEL REPRESENTATION 

As mentioned above, on a typical NTSC television screen, 
one picture frame consists of tWo ?elds (Field A and Field 
B) that are interlaced in a generally knoWn manner to present 
and display a single image. Field Acontains the information, 
for example, of the even lines of the image, While Field B 
contains the information of the odd lines. In NTSC televi 
sion format, 30 such frames are displayed by a television per 
second. In one second, therefore, the television screen 
displays 60 ?elds of information. For clarity, the term “page” 
Will be used hereinbeloW to describe a full picture image 
(i.e., one frame). 

The color of each pixel of any image is typically deter 
mined by three variables. These variables are usually the 
three prime colors: red (R), green (G), and blue By 
mixing these three colors in different proportions, a com 
puter can display different colors of the spectrum. The more 
variety available to represent each of the three colors, the 
more colors can be displayed. In order to represent, for 
example, 256 shades of red an 8-bit number is needed (the 
range of the values of such a color is thus 0—255). Therefore, 
the total number of bits needed to represent a pixel is 24 bits 
(8-bits for red, 8-bits for green, and 8-bits for blue, Which is 
commonly knoWn as “RGB888” format). Thus, a given 
RGB picture has three planes, the red, the green, and the 
blue, and the range of the colors in the picture is 0—16.78 
million (i.e., R*G*B=256*256*256). 

The amount of information currently capable of being 
transmitted over a telephone line in the interval of one 
second is restricted to 33,600 bits per second due to the 
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actual Wires and sWitching functions used by the typical 
telephone company. A single full color (“RGB888”) 640x 
480 pixel page, Which comprises 7,372,800 bits of data, 
actually takes 219.43 seconds or approximately three and 
one half minutes to transfer at a baud rate of 33,600 bits per 
second. To achieve full-motion transmission at the rate 
described above, the page siZe is ?rst reduced to 30% of its 
siZe (192x144 pixels) from the full screen image (640x480 
pixels for a computer). The smaller the image is, of course, 
the more dif?cult it is to see. HoWever, even at 192x144 
pixels, too much data remains to transmit full-motion video 
over the telephone lines. One Way to further compress the 
image is to decrease the number of pixels of the image that 
are sampled, as Well as the number of bits needed to 
represent the color of each pixel. 

Sampling Pattern 
A sampling pattern used to sample the image to ensure 

high picture quality and high transmission rates is shoWn in 
FIG. 2. The purpose of the sampling pattern is to decrease 
the amount of information required or contained in each 
single image to the minimum amount suitable for an accept 
able picture. According to the presently preferred sampling 
pattern shoWn in FIG. 2, every other pixel of the 192x144 
pixel image is sampled. This pattern preserves the spatial 
information betWeen pixels While keeping the creation of 
artifacts to a minimum. Using the sample pattern shoWn in 
FIG. 2, therefore, alloWs for a reduction in picture siZe from 
192 columns by 144 roWs of pixels to an image of 96x72 
pixels. HoWever, as described in detail beloW the presently 
preferred compression technique operates on images that are 
a multiple of 16 pixels in siZe in both x and y directions. 
Thus, the 96x72 sampled image is truncated to an image siZe 
of 96x64 pixels. 
NeW Pixel Representation 
To further compress the 96x64 pixel image, the number of 

bits used to represent each pixel is also reduced. A typical 
capture card 22 employs 24 bits to represent each pixel in the 
RGB888 format. A color scheme based on the YUV color 
space, and more speci?cally, on Microsoft Corporation’s 
YUV 9 Planar Format, hoWever, is preferred. The YUV 
color format also consists of three planes: the Yplane, the U 
plane and the V plane. The Y plane contains the gray 
intensities of the pixel. If the user paints just the Y compo 
nents on a screen, only a black and White image Will appear. 
The U plane and the V plane are the vectors that determine 
the color of each pixel. Each block of 16 pixels in the YUV 
9 Planar Format includes sixteen Y components and one U 
and one V component. Therefore, eighteen bytes of data are 
needed to express a sixteen pixel block in the YUV 9 Planar 
Format. 

In the presently preferred embodiment of the invention, 
after the above sampling is applied to the pixel blocks a 
4:1:1 pixel encoding scheme is obtained, Where four Y 
components and one U and one V component are all that is 
needed to represent the sixteen pixel blocks. According to 
this scheme, one U and one V value correspond to four 
intensity values. In the preferred embodiment of the inven 
tion Where a pixel block siZe of 2x2 pixels is employed 
(described in detail beloW), the 4:1:1 YUV color scheme is 
a replica of the compressed pixel blocks. Also, the structure 
of the header ?le (described beloW) created by the compres 
sion process more easily coincides With the YUV color 
scheme. 

Because the human eye is more sensitive to intensity 
?uctuation than color ?uctuations, the 4:1:1 YUV color 
scheme also provides a visual advantage. Because each pixel 
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has its oWn Y component and each pixel shares a U 
component and a V component With the other neighboring 
pixels in the block, each 2><2 pixel block shares the same 
color value but With differing intensities. An illustration of 
the preferred 2><2 pixel block pattern appears in Table A. 

TABLE A 

Ya 
Yc 

The 2><2 YUV pixel block can thus be represented by the 
following number of bits in the 4:1:1 color scheme: 

4 Y’s: (Ya, Yb, Yc, Yd) 4 bytes 
1 U: 1 byte 
1 V: 1 byte 

Total: 6 bytes (48 bits) 

This presents a reduction over the conventional format used 
to represent RGB color, Which requires the folloWing num 
ber of bits to represent each pixel: 

4 R’s: 4 bytes 
4 G’s: 4 bytes 
4 BS: 4 bytes 

Total: 12 bytes (96 bits) 

The preferred 4:1:1 YUV color scheme thus yields a reduced 
bit count for each pixel Without substantial degradation of 
the image. 

Video Image Manipulation 
Each 2><2 pixel block is further truncated so that each 

component is reduced by preferably 4 bits (or alternatively 
3 bits), leaving only 4 bits (or 5 bits) for each YUV 
component. A “truncated” YUV color model is used rather 
than the knoWn YUV pixel representation. For gray-scale 
images, Where only the Y (intensity) value is encoded, the Y 
value preferably consists of either a 4-bit or 5-bit ?eld. For 
color images, Where the intensity (Y) and both color com 
ponents (U, V) are encoded, the U and V components also 
preferably consist of either a 4-bit or 5-bit binary represen 
tation. This truncation thus results in an additional reduction 
in bits required to represent a pixel in the transmitted image. 
The 2><2 pixel block can then be represented by the folloW 
ing reduced number of bits: 

15‘ Y: 4 bits (or 5 bits) 
2nd Y: 4 bits (or 5 bits) 
3Id Y: 4 bits (or 5 bits) 
4‘h Y: 4 bits (or 5 bits) 
1 U: 4 bits (or 5 bits) 
1 V: 4 bits (or 5 bits) 

Total: 24 bits (or 30 bits) 

Applying the above pixel representation scheme achieves 
the folloWing additional levels of compression as compared 
to traditional RGB color or YUV color palettes: (1) a 4:1 
compression over conventional RGB (12 bytes, versus 3 
bytes), or (2) a 2:1 compression over YUV 12 format (6 
bytes, versus 3 bytes). Although the preferred embodiment 
described above contemplates ?xed truncation, those skilled 
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in the art Will appreciate that variable truncation techniques 
are also available and are contemplated. In addition, 
although implementing the 5-bits per component represen 
tation yields an image of a better quality, it increases the 
number of bits required to be transferred. A reduction in the 
appearance of the video image once transmitted may inevi 
tably occur. 

II. DIGITAL IMAGE ENCODING/ 
COMPRESSION 

Referring to FIG. 3, the presently preferred quad-tree 
motion analysis compression technique concentrates on dif 
ferences betWeen successive frames of the source image to 
further compress the video image. Consecutive frames are 
compared and analyZed to determine What changes 56 (FIG. 
3(c)) have occurred in the current image 52 (FIG. 3(b)) With 
respect to a base image 54 (FIG. 3(a)). The locations of the 
changes and the corresponding changed information or data 
is then compressed and transmitted across the interface 14. 
Once received, the compressed image is rebuilt by the 
receiving system 50. 
The preferred quad-tree compression technique requires 

that the dimensions of the overall image be divisible by 
sixteen. Therefore, the 96x72 sampled image Will be trun 
cated to 96x64 pixels (16><6=96 columns; 16><4=64 roWs) as 
described in detail above. This alloWs the image to be 
successively divided into four types of regions, as shoWn in 
FIG. 4. Each succeeding region is a subsection of the 
previous region. Ultimately, a 2x2 block 58 of pixels is 
obtained, Which is the basic elemental unit used by the 
preferred quad-tree compression technique (2><2><2><2=16 
pixels). Each primary region 60 contains three subregions 
62. Each subregion 62 contains a further four subregions and 
so on. The last region ultimately contains four pixel blocks. 
These 2><2 pixel blocks 58 are used to compare the base 
image 54 to the current image 52. 
The primary region 60 dimensions are limited to 16x16 

pixels in the preferred embodiment because the overall 
image ranges are presently limited to 160x112 pixels and 
under. Using a larger primary region 60 Would produce 
excessive data that ultimately may need to be transmitted. 
For example, With a 96x64 image, the next larger siZe for a 
primary region 60 that Would mesh With the sixteen pixel 
dimensional constraint Would be 32x32 pixels. This Would 
alloW for only six primary regions 60, hoWever, in a 640x 
480 pixel image. Thus, When change occurs Within the 
image, all six primary regions 60 Would most likely be 
marked as changed because a 32x32 pixel block represents 
a large portion of the overall image range. This Would result 
in an undesirable increase in the amount of data and the 
amount of redundant information that is transmitted. With 
larger image siZes, such as a typical computer display screen 
image With dimensions of 640x480 pixels, hoWever, either 
a primary region 60 siZe of 32x32 pixels, or even a siZe of 
64x64 pixels, may be needed for optimal compression. As 
those skilled in the art appreciate, quad-tree compression 
could be applied to all possible image dimensions, and is 
thus contemplated Without departing from the spirit and 
scope of the invention. 
According to the preferred quad-tree compression 

technique, the ?rst source image is stored as the base image 
54. The base image 54 is then used to monitor changes 
throughout the video data stream. Each current image 52 is 
captured and compared to the base image 54 (see FIG. 3). 
The comparison is made by calculating the difference 
betWeen each 2><2 pixel block 58 in the base image 54 and 
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the current image 52. A 96x64 image contains one thousand, 
?ve hundred and thirty-six 2x2 pixel blocks 58 (6><4><4>< 
4’4=1536), and each block 58 in the current image 52 is 
compared against its counterpart block 58 in the base image 
54. 

Athreshold is preferably employed to control the amount 
of change actually recorded. If the difference betWeen the 
base image 2x2 pixel block and the current image 2x2 pixel 
block total exceeds the threshold, then change has been 
detected in a particular area of the base image. The com 
parison function can be expressed mathematically according 
to the folloWing equation: 

The value of the threshold determines the type or amount of 
detail that Will be overlooked When comparing the tWo 
images. The higher the threshold, the more detail is ignored. 
Threshold values are thus chosen according to the require 
ments and features of the particular system. One presently 
preferred threshold level of four is employed With the 
preferred embodiment of the system 10. 

If a pixel block change has been detected, the folloWing 
steps are performed: 

1. The X and y co-ordinates of the changed area are stored; 

2. The pixel values for the current image 52 are stored in 
relation to the upper X and y co-ordinates of the base 
image 54; and 

3. The old base image 54 pixel block 58 is replaced by the 
changes 56 detected in the current image 52 pixel block 
58. 

Once the entire current image has been analyZed, the base 
image 54 is updated. Updating the base image 54 With the 
changes 56 in the current image 52 helps prevent the 
progressive degradation of successive video images. When 
the next frame is compared, the changes that Were previ 
ously overlooked because they did not meet the threshold 
Will not in?uence the next set of changing pixel blocks 58. 
When the base image 54 is updated With the differences from 
each current image 52, therefore, succeeding frame com 
parisons and changes do not accumulate (i.e., are not added 
to the base image 54) causing the image to eventually 
degrade. 

To begin transmission, the initial image (i.e., the ?rst 
current image 52) is compared to a black image (i.e., the ?rst 
base image 54). This alloWs for the base image 54 to be 
updated With the very ?rst frame. According to the preferred 
embodiment of the invention, the entire base image 54 is 
then transmitted over the interface 14. Thus, the base image 
54 at the encode side 12 is the same as the base image 54 at 
the decode side 16 of the interface 14. With the initial 
transmission of the base image 54, only changes to the base 
image need to be transmitted, thereby reducing signi?cantly 
the amount of data that is compressed and communicated 
over the interface 14. 

The Header File 
In order to transmit the changes 56 to the base image 54, 

a header ?le is ?rst created. Any changes to the base image 
54 is communicated via the header ?le. The pixel block 
locations of changed data are encoded preferably using the 
four-tier hierarchical quad-tree encoding technique men 
tioned above (see FIG. 5). This technique produces the data 
that is represented in the header. The header preferably 
contains the locations for all the changes that occur betWeen 
consecutive frames of image data. The header is preferably 
divided into four sections, as shoWn in FIG. 6. The ?rst 
section contains information on the primary image regions 
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60. The remaining sections are sub-divisions 62 of the 
primary regions, and are referred to as “secondary regions” 
herein. 
Abinary structure is used to represent the primary regions 

60, Where each region 60 is represented by a single bit, as 
shoWn in FIG. 7. Setting a bit (e.g., “1” if on, “0” if off) 
represents that change has occurred in that particular region 
60. The number of primary blocks is determined by the 
dimensions of the image. For example, the presently pre 
ferred 96x64 pixel image is divided into 24 primary regions 
60. The primary regions 60 each have dimensions of 16x16 
pixels. Three bytes or 24 bits are all that is needed to 
represent the 24 primary regions 60 and to indicate in Which 
primary region 60 a change has occurred. 
BeloW each primary region are three secondary regions 

62. Each secondary region 62 has an identical structure. 
Because the secondary regions 62 are unrelated to the 
overall dimensions of the image, only to their preceding 
region, they are constant in siZe. The secondary regions 62 
are also preferably represented in the header as a four-bit 
structure. This four-bit structure indicates Which of the 
succeeding subregions 62 contains change. The ?nal subre 
gion 62 contains the 2x2 pixel blocks 58 described above. 

After the locations of the differences betWeen the base 
image 54 and the current image 52 are recorded, the x and 
y coordinates of the changes are also converted to a pre 
ferred coordinate system in order to further compress the 
data transmitted over the interface 14. First, the upper-left x 
and y coordinates of the 2x2 pixel block 58 are linked to the 
proper primary block. This is accomplished by determining 
Which primary region 60 contains each set of coordinates. 
Referring to FIG. 7, once the primary region 60 is 
determined, the appropriate bit in the header ?le correspond 
ing to that region is set. The x,y coordinate of each particular 
2x2 pixel block 58 is further de?ned by dividing the primary 
region 60 into secondary regions 62. The secondary region 
62 containing the changed pixel block is recorded. Further 
sub-divisions of the pixel block identi?es the precise 2x2 
pixel block 58 Where a change has occurred. In the presently 
preferred coordinate system, therefore, the location of a 
changed pixel block 58 can be determined by folloWing the 
positive paths of a three child or four node tree, as shoWn in 
FIG. 7. Each region is a node 64 in the tree 66, Where the 
primary regions 60 act as numerous root nodes, and the 
secondary regions 62 are the child nodes in the tree. A 
positive path is Where all the nodes in the path are marked 
as changed. 

This process continues for all the pixel blocks marked as 
changed. With this process, the primary region 60 is com 
pletely coded in the header. The secondary regions 62 only 
appear in the header if a change occurs in a particular 
location in the image that corresponds to that region, as 
illustrated in FIG. 7. Therefore, the length of data represent 
ing the secondary regions 62 in the header depends on the 
type of change and the amount of change betWeen image 
frames. The more localiZed the change, therefore, the more 
compressed the header becomes. 
The order of the information contained in the header is 

very important. As discussed above, the header is sub 
divided into regions. In the preferred embodiment, the 
primary regions 60 are presented in descending order in the 
header. Thus, the largest regions (primary regions 60) are 
encoded ?rst, and the smallest regions (secondary regions 
62) are encoded last. This order is necessary to ensure that 
the rebuild of the image on the decode side 16 of the 
interface 14 is correct and yields a correct and appealing 
image. 
















